Purpose Urban allotment gardens (UAGs) are expanding worldwide, especially in large cities. Environmental pressures (direct and diffuse pollution, gardener practice, geogenic contamination) often result in the accumulation of potentially harmful trace elements in garden soils. The objectives of this study were to assess the spatial variability of trace element distribution in UAGs from city, garden, and plot scale in four European cities; to provide a baseline understanding and identify abnormal values under environmental pressures; and to evaluate the potential of portable X-ray fluorescence screening as a useful tool in soil management. Materials and methods The four cities (Ayr and Greenock (Scotland), Lisbon (Portugal), Nantes (France)) provided a wide range of environmental pressures on soils. The locations of the 14 allotment gardens were identified in consultation with the local municipality in each city to reflect various land uses or according to previous evaluation of soil quality. Soil sampling was carried out in 66 plots in total, from which 3 datasets were produced: (i) basic soil properties and trace element concentrations from a composite sample of topsoil for each plot (trace elements quantified by inductively coupled plasma-optical emission spectrometry/mass spectrometry (ICP-OES/MS) or using in-lab portable X-ray fluorescence (PXRF); (ii) in situ PXRF measurement on composite samples (263 plots in Nantes); and (iii) composite samples from 32 small areas within 4 plots in one garden of Nantes.
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Introduction
Urban allotment gardens (UAGs) are expanding worldwide, especially in industrialized countries (Draper and Freedman 2010; Guitart et al. 2012 ). However, gardens in the urban environment are often subject to environmental pressures, mainly as a result of pollution from urban and industrial activities as well as through gardener's practices. Cultivated urban soils can be contaminated as they are often located on previously urbanized sites and suffer from impact by human activities, such as industrial emissions or road traffic (Leitão 2007; Rodrigues et al. 2009; Béchet et al. 2009; . Consequently, urban soils can accumulate significant quantities of harmful substances (Papritz and Reichard 2009; El Hamiani et al. 2010; Orecchio 2010) , such as (i) trace metals or metalloids, e.g., lead, arsenic, copper, mercury, and zinc (KabataPendias 2001; Hursthouse et al. 2004; Schwartz et al. 2013; Joimel et al. 2016) , and (ii) polycyclic aromatic hydrocarbons (PAHs) and other persistent organic pollutants (Morillo et al. 2007; Cachada et al. 2009 ). In some cases, significant quantities of potentially harmful trace elements may also have a geogenic origin from metalliferous mineralization, resulting in abnormally high concentrations in soils (Ander et al. 2013; Karim et al. 2014; Jean-Soro et al. 2015) . Recent studies on garden soils highlight the range of origins of contamination and the cumulative impact of human activities on urban garden soil quality (Szolnoki et al. 2013; . Potential risks to human health can derive from exposure to significant quantities of harmful substances either by consumption of contaminated vegetables, breathing dust after resuspension, or by direct contact with soil (Nabulo et al. 2010; Singh et al. 2012; Douay et al. 2013; McBride et al. 2014) . It was established that direct soil ingestion and inhalation as well as dermal contact with soil particles must be considered as pathways of human exposition, especially for children, although the primary route was shown to be the diet (Hough et al. 2004; Bian et al. 2015; Liu et al. 2013) . To evaluate risks, the spatial variability of heavy metal distribution between and within plots needs to be assessed (Schwarz et al. 2012; Szolnoki et al. 2013) . The variability of exposure in the gardens and impact of external sources (transport infrastructures, constructions processes) adds further complexity.
The variability of potentially toxic elements in garden soils is likely to be high, considering the range of sources and individual gardener behavior on plots. This may affect the availability for uptake or contamination of garden produce and consequently exposure. It is important for recommendations for management of the activities to be able to define the likely magnitude of this variability and consequence for exposure assessment. A similar question was addressed by Zahran et al. (2013) , focusing on urban soil lead pollution at city scale and child health. The location of sampling zones was shown to be a main parameter to link soil quality and lead in blood. The authors recommended actions in urban planning to reduce exposure. Few studies have reported the relation between the high variability of soil and vegetable contamination between and within sites (Nabulo et al. 2010; Mc Bride et al. 2014 ) and the consequences for decision-making procedures to minimize exposure. Bugdalski et al. (2014) examined small-scale spatial variability of soil lead within a 15 × 30-m urban garden plot. They concluded that the spatial variability at the scale of 5 m or less coupled with the presence of hot spots requires clearly defined sampling objectives and strategies. For Clarke et al. (2015) , the knowledge of soil geochemistry and metal bioavailability could allow incorporation of contamination patterns into urban planning, particularly if early assessment highlights specific locations where risk may be significant.
To provide further evaluation of short-scale soil variability on plot-level management, this study addresses a comparative assessment to evaluate variability at city, garden, and plot scale. It supports the issue of relating the low or high variability to environmental factors such as natural or anthropogenic inputs. In supporting the contamination of the food chain in UAGs, are methods available which can support high-resolution assessment of contamination to maximize knowledge on a plot scale and maintain most productive use of the sites?
We offer insights supported by case studies from four European cities: (i) the need for greater understanding of the heterogeneity for trace element sources, including geogenic signatures, atmospheric deposition, and inputs; (ii) the need to take into consideration local environmental histories (including land use) in any UAG study and consequences for further studies; and (iii) the potential for portable X-ray fluorescence (PXRF) multi-element spectrum analyzer as a useful method for detection of spatial heterogeneity of trace element distribution and delineation of zones of concern at garden and plot scale, supporting improvement in public health.
Investigation of the contamination of UAG soils was carried out in four European cities: Greenock and Ayr (Scotland), Lisbon (Portugal), and Nantes (France). Soils were sampled to characterize some basic physical properties and chemical properties (major elements, contamination by trace elements). The results were analyzed to evaluate the contamination of the UAG soils at city scale, taking into account the properties of topsoil, the geochemical background, and the anthropogenic activities (vs. geogenic anomalies). The aim is not to merge all the four case studies together into one statistical population but to use the case studies to provide insight to a European-wide practice. The heterogeneity of the soil contamination within each UAG was investigated to provide supporting information for the most appropriate management methods for soil use in the case of excessive contamination. In the city of Nantes, the relevance of in situ measurements by PXRF multi-element spectrum analyzer was addressed as a technical means to help in decision-making.
Materials and methods

Study area in the four European cities
The four cities selected provided a wide range in pedoclimatic conditions, geology, density of population, and likely sources of pollution. The locations of UAGs were chosen in consultation with the local municipality in each city to reflect various land uses or according to previous evaluation of soil quality. Both local councils/authorities and associations ensure the governance of the gardens. The council is responsible for the creation and maintenance of the gardens; the association within each garden entrusts the everyday management. Crops produced vary but include vegetable production for personal consumption, with additional fruits and flowers. The total surface area of UAGs represents less than 0.5 % of total surface area of each city.
Ayr and Greenock (Scotland)
Greenock is a small town in Inverclyde with 44,248 people (Fig. 1a) . The annual rainfall is 1494 mm, and the former activities in the town are shipbuilding, manufacturing, and shipping (Fig. 1a) . It is part of the extensively industrialized region of the Clyde valley, with historic and extensive industrial activity. Ayr is a small town in Ayrshire with 46,050 people (Fig. 1a) . The average annual rainfall is 902.3 mm; the town is characterized by historic manufacturing of textiles such as carpets and lining until the factories were closed down in the 1970s. It is surrounded by farmland. Both towns have oceanic and mountain temperate climate with volcanic and sedimentary bedrocks, Fe and Zn as background enrichment and low acidic pH (Fig. 1a) . The background soils have acidic and organic-rich surface layers. In Ayr soil, parent materials are fluvial clays, silts and gravels, and marine or estuarine sands. In Greenock, parent materials are a mix of basalts and glacial till. Garden selection in these two towns was based on accessibility and on contamination potential previously detected in at least one case. The characteristics of studied UAGs in Greenock and Ayr are summarized in Table 1 .
Lisbon (Portugal)
Lisbon is the capital and the largest city of Portugal, with a population of 552,700 within its administrative limits, in an area of 100 km 2 (5527 inhabitants per sq. km). Its urban area extends beyond the city's administrative limits with a population of around 2.7 million people. Lisbon lies in the western Iberian Peninsula along the Atlantic coast and the Tagus River. It enjoys a subtropicalMediterranean climate with an average annual rainfall of 775 mm. The study sites were located at six places around the city (Fig. 1b) . The selection of gardens was based on their location in relation to different urban pressures (roads, airport, etc.) and different soil parent materials. None of the sites had previously been subject to industrial activity. The main characteristics of the studied UAGs in Lisbon are presented in Table 1 .
The geological formations, in the area of Lisbon, are described on the local 1:10,000 geological map of Lisbon (Moitinho de Almeida 1986) (Fig. 1b) . In the allotment gardens of Chelas, Laboratório Nacional de Engenharia Civil (LNEC), and Centro Hospitalar Psiquiátrico de Lisboa (CHPL), the geological formations include Lisbon Miocene formations (sand, clay, and limestone) and the alluvial nature coverage of deposits associated with the valleys. The Miocene age formations correspond to a set of sequences that alternate between depositional units marine, brackish, and continental (Pais et al. 2006) . The geological formations of Granja and Granja Nova include volcanic nature rocks (south) and sedimentary rocks from the Miocene and alluvial nature coverage deposits. Finally, Circular Regional Interior de Lisboa (CRIL) is located in the volcanic complex of Lisbon, being composed of volcanic soils.
Nantes (France)
Nantes is the largest city of the Pays de Loire in north-western France. It is located 40 km east of the Atlantic Sea coast. Nantes has about 300,000 inhabitants in an area of 65 km 2 (4100 inhabitants per sq. km) and enjoys an oceanic climate (820 mm rainfall/year). The study sites were located at six places around the city (Fig.1c) . Inside the urban area, allotment gardens were selected according to land use typology (residential, industrial, semi-natural; Joimel et al. 2016) . The characteristics of the studied UAGs are presented in Table 1 . Depending on the extent of soil characterization, a varied number of plots (4 to 95) were sampled per garden.
The geological formations, in the area of Nantes, described on the local 1:50,000 geological map of Nantes (Ters et al. 1969; Béchennec 2007) are ( Fig. 1c ) (i) micaschists and gneiss with more or less mineralized veins (e.g., pegmatite, aplite, quartz…) and granite as parent material, (ii) superficial deposits such as alteration materials and sandy formation (marine transgression), and (iii) Quaternary eolian deposits (mainly silt). Lead is often found in association with arsenic within alterites of micaschistes in the area.
Soil sampling and methods
Details of sample collection strategy are provided in Table 2 . Three soil datasets were produced from this study.
The first set consisted of topsoil samples collected from parallel sampling campaigns in a restricted number of allotments gardens (and the individual plots therein) in the four towns/cities. Various sampling and analyses were conducted in the four cities. But, all samples are taken from the cultivated layer that is digged once or twice a year. In one city (Lisbon), soil replicate samples (0-5 cm) were collected randomly by hand using a plastic spade. The composite samples were analyzed for metal content by PXRF (laboratory conditions). In the other cities, a standard soil-coring device was used to collect replicate samples (0-20 cm). The composite samples were then analyzed, using inductively coupled plasma-optical emission spectrometry (ICP-OES) and inductively coupled plasma-mass spectrometry (ICP-MS). The following basic statistics are calculated: mean value, relative standard deviation (%RSD), minimum value, maximum value, and standard error (SE) (Webster 2001) . The trace element concentrations are compared to average concentrations representative of geochemical background from the literature (Table 4) or to local specific data on background for Nantes (Sect. 3.3) (Le Guern et al. 2013) .
In all cases, the soil samples were prepared according to the ISO 11464 standard. Samples were air-dried at room temperature and crushed to pass through a 2-mm stainless steel sieve. Artifacts such as stones, leaves, glass, or iron/metal artifacts were removed. Some of the samples were characterized using standard methods for the basic soil quality parameters, pH, organic matter, CaCO 3 , and particle size distribution. Soil samples were digested with aqua regia using hot block at 95°C before metal content and major element screening.
The second sample set is based on PXRF measurements of composite samples collected in a large number of plots in some of the allotment gardens of Nantes. The equipment used was a field portable X-ray fluorescence analyzer (Niton XL3t GOLDD). The accuracy of measurements was checked by analysis of 10 % of the samples with a normalized laboratory method (NF X31-147; acid digestion with HF and HClO 4 , analysis by ICP-MS; Varian 820-MS). All sampling points were located using a Differential Global Positioning System (DGPS). The spatial distribution of trace element content was mapped using MapInfo 8.5.
The last set resulted from analysis and trace element measurements performed on several spots in a very restricted number of plots in Nantes (Table 2 ). In the BJardin des Eglantiers^(Nantes), the variability within plots was investigated on four adjoining plots. The area was subdivided into 32 zones of 6 m 2 each. A composite sample consisted of five subsamples recovered at each corner and one at the center of each zone. The pH value of each composite soil sample was measured according to the NF ISO 10390 (AFNOR 2005) standard. Total soil Pb was analyzed on each sample using a portable X-ray fluorescence tool (Niton 792), with 10 % of the samples also being analyzed after acid digestion in order to calibrate the device.
3 Results and discussion 3.1 Factors of trace element spatial-scale variability in UAG soils at city scale-case of Lisbon and Nantes
The overall evaluation of UAG soil contamination is often performed at city scale by local authorities. Either composite samples from delimited zones in gardens or randomly collected samples are analyzed (one to five samples per garden). In this study, datasets are available to carry out comparisons between Lisbon and Nantes ( Table 2 ). The objective is to determine to which extent Fig. 1 Location of the four cities and of the studied gardens on the local geological map, a Ayr and Greenock (Scotland), b Lisbon (Portugal), and c Nantes (France) the variability could be explained by environmental factors, focusing essentially on geogenic signatures and anthropogenic activities. Results for trace element concentrations are shown in Fig. 2 , and data for basic soil properties and metal content in soils samples are summarized in Tables 3 and 4 .
The data may observe that some elements have the same trend: (i) Pb, Zn, and Cu-same pattern of concentrations (mean value, high extreme values for Pb and Zn and to a less extent for Cu) in Lisbon and Nantes, and (ii) Ni, Cr, and Cddifferent pattern between Lisbon and Nantes (mean concentration or RSD).
Previous studies have largely identified the role of urban built environment, environmental exposures, and native parent material on the urban soil quality and trace element content (Hursthouse et al. 2004; Yesilonis et al. 2008; Rodrigues et al. 2009; Schwarz et al. 2012) .
The influence of the native parent material on the garden soils is evaluated against the geological data on city areas and the background geochemistry reference values listed in Basic soil parameters could also be indicators of potential variability of trace element concentrations. The pH value, carbonate content, and organic matter may act on the retention of trace elements in garden soils and are either controlled by natural conditions or by inputs in soils by gardeners. The pH values of Lisbon and Nantes soils are in the range of neutral to alkaline similar to natural soils (6.5-8.5), with a standard deviation about 0.5 u among each city. The range for pH values in Lisbon is higher than those of Nantes related to local geology. The higher variability of CaCO 3 content in Lisbon is attributed to wider range of parent materials, including carbonate containing parent material (sedimentary rocks), considering that amendments could also induce quite large variability between gardens. The high organic matter content variability in Lisbon and Nantes is probably related to specific gardening practice and varied by addition of organic amendment. In Lisbon, for example, large amounts of organic materials from a big variety of sources and with different decomposition rates are applied (Cameira et al. 2014 ). Neutral to high pH and OM content favor trace element adsorption and/or precipitation and low bioavailability and leaching capacities. The significant CaCO 3 concentrations found in some Lisbon allotments will produce a similar effect, especially on lead and zinc retention. Recently, Brown et al. (2016) concluded that common management practices in gardens, e.g., organic matter and amendments supply, assure minimal potential for exposure, then minimizing the risk for gardeners.
Considering all the data of variability at the city scale, some hypothesis about sources of some of the trace elements may be drawn. The geogenic signatures seem to be important for lead and zinc in both cities and nickel in Lisbon. The carbonate content in soil could control the mobilities of Pb and Zn that should also have an anthropogenic origin considering the extreme values. In Nantes, the high values of cadmium concentrations and extreme values in some soils may be related to anthropogenic inputs.
Even if the city scale could not be considered as a relevant scale for soil management due to too numerous parameters to explain the variability of trace element distribution, the cityscale approach is useful to gain range of values and detect potential zones of trace element hot spots, which origin should be determined at the garden scale.
Considering local environmental conditions and histories as factors of trace element variability at garden scale-case of Scottish, Portuguese, and French gardens
Datasets are available to carry out inter-allotment comparisons within the four cities (Ayr, Greenock, Lisbon, Nantes), focusing on the specificities of each garden to explain the variability. Trace element concentrations (Cd, Cu, Cr, Ni, Pb, Zn) are shown graphically in Fig. 3 . Data for soil properties within garden sites are presented in Table 5 and are considered as local environmental parameters.
The pH values (mean value, RSD) are very similar to those observed at city scale. The data are very homogeneous at garden scale and to a less extent between gardens. On the contrary, CaCO 3 and organic matter contents are different from one garden to another. The RSD for OM is higher in the two gardens of Nantes than in Lisbon gardens. These results may reflect various gardening practices between UAG users. The practice in Lisbon seems to be more homogeneous at garden scale and reflects variation in attitudes found in allotment garden users (Voigt et al. 2015) . Metals such as Fe and Mn are also considered as components of reactive solid phases. They are present with extreme values in Greenock and Lisbon in relation with local geology. The Fe and Mn values are close in Ayr and Nantes garden soils. A higher deviation is found for Cu, Pb, and Zn in relation with extreme values of Fe and Mn measured in samples of Wellington, CRIL, or Crapaudine for example. A high variability of trace element concentrations in gardens of Lisbon and Nantes is observed that should be influenced mainly by the nature and origin of trace element, the main properties of soil, and the history of sites. The ranges of trace element concentrations are close in the gardens of Ayr, Lisbon, and Nantes (Fig. 5) . But in Greenock, the concentrations are 10 times higher, except for Cd and Cr.
The two cities in Scotland reflect different degrees of industrialization and subsequently intensity of garden use over time. The location in Greenock (Wellington) was historically more urbanized and subject to wider range and more prolonged urbanization. The Ayr site (Craigie) is on the edge of a city in a rural environment and less disturbed by industrial activity. Soil properties are less variable, and while the strong urban elements, e.g., Pb and Zn, are enriched, the level and variability are much lower than in Wellington (see Electronic supplementary material for lead mapping (Fig. S1) ). Data shows low variation for some of the classic background elements in Scottish sites (Pb, Zn), and to a less extent, Cu and Ni have a higher variability with the variability of Pb extremely high in comparison.
The garden locations in Lisbon reflect different geological backgrounds and land use. Trace elements such as Cr (only present in CRIL and Granja Nova), Cu, Ni, and Zn can derive from the chemical composition of the volcanic parent rocks (Fig. 1b) . The highest values of Fe and Mn in Lisbon UAGs are present in soils with volcanic origin. This is the case of CRIL and, to a lower extent, both Granja's. Another possible origin for the highest concentrations of trace elements in CRIL may also be related to its location next to a main circular (Lisbon Regional Internal Circular), but more soil data information should be gathered to confirm this. There is no clear effect of higher soil trace element content due to the proximity of LNEC and CHPL UAGs to Lisbon airport. In brief, Lisbon UAG soils contain several elements whose concentration is above the threshold value (Ontario or Dutch standards), Pb, Cr, Ni, and Zn, especially for soil samples from CRIL and Quinta da Granja gardens. In other areas, there was only one case of elevated Pb in one of LNEC samples, but this was not confirmed in further analysis. Lisbon UAG heterogeneity in soil trace element concentrations was mainly a result of the background geochemistry, with the highest values belonging to the volcanic origin soils. Exposure to road and traffic can also justify some of the soil trace element concentrations obtained. Moreover, there is no clear effect from influence of the airport in the two allotments close to it. Samples of dry atmospheric deposition carried out in the same six UAGs have shown low contributions of trace elements and Fig. 3 Metal content within garden sites in a Ayr (Craigie n = 8) and Greenock (Wellington n = 11), b Lisbon(n = 3 per garden site or all values are under limit of quantification), and c Nantes (n = 5 except for garden sites where some Cu, Cr and Ni values are under limit of quantification) (mean value, standard error, minimum, maximum) hydrocarbons, but its cumulative effect should be further studied (Leitão et al. 2016) .
Among the trace elements studied, lead is the only one that could be above the natural background in the gardens of Nantes. Arsenic is also a main element of the geochemical background in Nantes region (Jean-Soro et al. 2015) . It was often found in association with lead within alterites of micaschists. Past land use of garden soils was deduced from historical data and aerial pictures, farming (Eglantiers, Chaupières), market gardening (Contrie, Crapaudine), and past industrial activities (Batignolles). The evolution of the land use was very useful to discriminate between lead sources. For example, in Chaupières garden, a third of the plots were covered by As-and Pb-rich alterites of micaschists bought on site during the construction of the ring road of Nantes. The natural origin of the contamination was assessed, as those of Eglantiers. The use of plant-protection products or material from more intensive market gardening remains the likely explanation for the contamination in Contrie and Crapaudine gardens. The soil of Batignolles garden exhibits typical Fig. 3 (continued) aspects of technosols (artifacts, color, and superposition of various soil layers). Some high values of Cu observed could be attributed to cultivation practices (e.g., application of CuSO 4 ). In brief, the results highlight the wide variation in contamination of soils (e.g., background geochemistry, contaminated backfill materials, cultivation practices). No influence of traffic was detected on the study sites.
The sources of contaminant input should be discriminated during the diagnostic stage of the soil quality. In most situations, the historical and environmental study of the site has been helpful in understanding the nature and distribution of contamination and in detecting hot spots or hot zones.
Using PXRF screening as a useful tool for soil management-case of Nantes UAGs
The results of the previous section are based on sampling and chemical analyses of 3 to 11 soil samples per garden. In case of contamination, when there is up to 100 plots or more in a garden, an efficient soil management requires a diagnostic over a surface as large as possible. The PXRF screening was tested in few gardens of Nantes at garden scale and plot scale.
Figures 4 and 5 illustrate the variability of two parameters (pH and Pb concentration of soil (PXRF screening)) at very small scale (plot scale) and small scale in two gardens of Nantes. Classes of anomalies defined in Le Guern et al. . In the Crapaudine garden, only a very small portion of the total area exceeds 100 mg kg −1 soil lead content (high anomaly level), where gardening would entail unacceptable level of lead in specific vegetables (CEN 1881 (CEN /2006 . In the Eglantiers garden, the same high-precision assessment leads to the conclusions that only one half of the garden surface have to be considered in a remedial management plan. The Eglantiers garden could be divided in two parts, with respect to Pb concentrations (Fig. 5a ). The highest Pb concentrations (Bhigh-anomaly^class) were measured in the western and central side part of the garden. At the plot scale, a high variability in pH and Pb values (Fig. 5b) was highlighted between small zones of 6 m 2 (5.75 < pH < 7.63; 97 mg kg −1 < Pb < 314 mg kg −1 ). In term of soil management, this information can help to improve gardening practice and target more effective soil remediation options. Area with low pH could be amended with organic matter and lime. Local authorities could also define a list of authorized vegetables that do not accumulate Pb. Additional measurements on lead content in various vegetables in the garden highlighted that not only the variability of Pb concentration in soil but also the vegetable species could impact the quality of vegetable (see Electronic supplementary material (Fig. S2) ). It may be postulated that interactions between the constitutive ability nd not determined, RSD (%) relative standard deviation ) in the Crapaudine garden (Nantes)-dataset Pb measured by PXRF per plot and Pb measured by ICP per plot of vegetable to accumulate more or less Pb and the variations of Pb bioavailability ruled by several factors (pH, %OM, %clay, etc.) explain low correlation between concentrations in soils and vegetables.
The spatial distribution of trace elements such as Pb and Zn was very heterogeneous within each UAG in Nantes. The portable X-ray fluorescence method in situ investigation with spectrometry was proposed to local authorities (in Nantes) to produce trace elements maps of UAGs, when contamination of vegetables was detected. As suggested by Bugdalski et al. (2014) , the PXRF method and mapping are proved helpful in delineating areas of concern. This method was cost-effective by comparison to detailed analysis of metal bioavailability as suggested by Clarke et al. (2015) . It seems a reasonable strategy to accommodate the heterogeneity of UAG soil quality and to keep restriction on cultivation on relevant plots.
Conclusions
Spatial variability of trace element distribution in urban garden soils of four European cities was assessed from a city, garden, and plot scale. Low differences in the basic soil properties are identified-homogeneity is good within the city and only slightly different between cities, as it might be expected from the geological context. The trace element distribution shows much more variability between background contributions and elements strongly enhanced by urbanization through industrial activity or other sources (2015)), b pH value (pH = 5.75 (yellow) to pH 7.63 (blue)), and c lead concentration (97 mg/kg (blue) to 317 mg/kg (red)) within four plots of pollution such as traffic emissions. The evaluation of soil quality is initiated based on different history of land use and contributions from parent materials. Enhancement of metal and metalloid levels in urban soils is usually considered to have an anthropogenic origin, due to intense human activities, but in this study, the geogenic origin of inputs was also relevant for trace element anomalies in several gardens, confirming variability of inputs seen in other urban soil contexts (Rodrigues et al. 2009 ).
Some trace elements, such as Pb, Cu, or Zn, exhibit high variability at small scale (garden scale) and very small scale in many of the gardens studied. As previously suggested, the development of accurate sampling methodology and/or in situ measurement could be promoted as a useful tool for issues of spatial variability and decisions for risk assessment and soil management. The cost of intensive small-scale sampling is usually prohibitive for evaluation on a plot-to-plot basis. The portable X-ray fluorescence screening method proved to be an efficient solution to detect or delineate hot spots. Trace element maps could be effectively used to discriminate zones which might be subject to restriction on cultivation.
